Cytomegalic cells with intranuclear inclusions were identified in lung tissue from one of two weanling Western lambs with pneumonia and Mycoplasma ovipneumoniae infection. On the basis of light and electron microscopy, cytomegalovirus infection was diagnosed. Arrays of viral particles whose morphology was consistent with that of viruses of the herpes group were in the intranuclear inclusions of cytomegalic cells.
Host specific cytomegaloviruses have been discovered in a number of mammalian species over a wide geographic distribution. Complement-fixing antibodies to human cytomegalovirus are in serum of more than 80% o f adults at least 35 years old [5] . In a 1964 survey in Iowa, 12% of swine herds investigated were positive for inclusion body rhinitis, a disease caused by porcine cytomegalovirus [7] . Specific cytomegaloviruses also have been isolated from the horse [15] , guinea pig [13] , rat [2] , mouse [ 171, ground squirrel [4] and monkey [ I , 201. Viral particles characteristic of the herpes group have been described in the intranuclear inclusion-bearing cytomegalic cells of many organs of an aborted bovine fetus [ 181. Cytomegalic renal tubular epithelial cells with intranuclear inclusions characteristic of cytomegalovirus infection were described in kidneys of two lambs in New Zealand [9] .
Case Report
Fifty Western ewes were purchased in Idaho after the breeding season and moved to a farm in central Indiana in October 1976 where they were allowed to run with about 100 native Suffolk ewes. Two weeks later the Suffolk ewes developed conjunctivitis that was self limiting after a course of I month.
Lambing took place in January and disease problems with the lambs developed 2 to 3 months later at weaning. Disease in the lambs was characterized by malaise, conjunctivitis and respiratory distress. Lambs from imported Western ewes were much more severely affected than were lambs from native Suffolk ewes. In spite of antibiotic therapy, death losses during the course of the illness were 40% in the 413 Western lambs and 5 to 10% in Suffolk lambs. Two moribund Western lambs, considered representative of the diseased group, were submitted to the diagnostic laboratory at Purdue University.
Materials and Methods
Blood samples from the lambs were collected for Chlamydia psirraci complement-fixation tests. Lambs were killed by electrocution and necropsied. Lung, liver. kidney and spleen tissues and eyelid swabs were cultured aerobically for bacterial organisms. Lung. heart. spleen. liver, kidney, pancreas, adrenal, small intestine. colon, brain, eyes and eyelid tissues were fixed in 10% neutral buffered formalin and embedded in paraffin for sectioning. Tissue sections were cut at about 6 micrometers and stained with hematoxylin and eosin (HE).
After cytomegalic cells with nuclear inclusions were seen, Feulgen and acridine orange stains were done on lung tissue from the affected lamb (lamb I). Formalin-fixed lung tissues from lamb I were washed overnight in running tap water, fixed in 6% phosphate-buffered glutaraldehyde and then in 1% phosphate-buffered osmic acid and embedded in epon. Suitable areas for ultrastructural examination were selected from I-micrometer epon sections stained with methylene blue-azure 11. Thin sections on 300 mesh copper grids were stained with uranyl acetate and lead citrate and examined on an electron microscope.
Results
Both lambs were emaciated and had mild, bilateral mucoid conjunctival discharges. Macroscopic visceral abnormalities were restricted to the lungs. The anterior ventral half of the lungs of lamb I were uniformly consolidated, grey to grey-white, moist, granular on cut surface and sharply demarcated from relatively normal adjacent lung tissue. Bronchial lymph nodes were moderately enlarged. The anterior half to twothirds of the lungs of lamb 2 were consolidated, grey and separated from normal areas by a red-grey band. Bronchial lymph nodes were enlarged and hyperemic.
Complement-fixation tests for Chlamydia psittaci were negative. Mycoplasma ovipneumoniae was cultured from the lung of lamb 1. M. ovipneumoniae and Pseudomonas aeruginosa were cultured from the lung of lamb 2. Bacterial pathogens were not recovered from conjunctival swabs or other tissues.
Histologic sections of various parts of consolidated lung from lamb I had similar features. Alveoli contained a mixture of neutrophiles and macrophages in proteinaceous exudate. Alveolar septa were congested and alveolar lining cells were enlarged and prominent. Some of these cells had clear, vesicular cytoplasm and vesicular nuclei that were proportionately increased in size. Scattered clusters of greatly Most large bronchioles were clear, but small bronchioles contained exudate similar to that in alveoli. Bronchial epithelial cells were altered focally by cytomegalic changes (fig. 2 ). Peribronchial lymphoreticular cuffing was infrequent. Pneumocytes and bronchial epithelial cells appeared to be the cell types affected by the cytomegalic changes although it was not possible to identify the type of severely altered cells.
Fig. 1: Epon section. Focal accumulation of cells with cytomegalic intranuclear inclusions in pulmonary parenchyma. Intranuclear inclusions (arrows). Nuclear membranes of cytomegalic cells (arrow heads). Methylene blue-azure 11. Fig. 2 Epon section. Focal cytomegaly of bronchial epithelial cells. Intranuclear inclusion bodies in some enlarged cells. Nuclear membranes of cytomegalic cells (arrow heads).
Methylene blue-azure 11. Consolidated lung from lamb 2 had a different histological appearance and neither cytomegalic cells nor inclusion bodies were found. Alveoli and tertiary bronchioles contained neutrophiles, macrophages and small amounts of proteinaceous exudate. Alveolar septa were thick and congested, and cuboidal alveolar lining cells were prominent. Bronchioles occasionally were surrounded by lymphoreticular proliferations. Focal areas of necrosis and suppuration were scattered throughout pulmonary parenchyma. Conjunctiva of both lambs was mildly hyperemic and infiltrated by lymphocytes and plasma cells. Other tissues examined from the lambs were histologically unaltered.
Ultrastructurally the enlarged lung cells from lamb 1 had prominent arrays of viral particles, often small and separated by dense granular material but occasionally in large solid sheets ( fig. 3) . A few viral particles were free in the nucleoplasm and cytoplasm. Viral capsids were about 70 millimicrometers in diameter and most had electron dense cores although empty capsids were present ( fig. 3, inset) . Much of the cytoplasm was granular and without defined structure. Mitochondria and endoplasmic reticulum frequently were dilated.
Discussion
The histologic appearance of the cytomegalic lung cells and their inclusions is similar to that described in cytomegalic viral diseases of man and animals [14] . Ultrastructurally, viral particles are consistent with those described in other electron microscopic studies of known cytomegalic viral infections [2, 6, 11-13, 16, 191 . Other viruses of the herpes group were considered as differential causes but the appearance of the cytomegalic cells, inclusions and the type and distribution of the lesions is not known in other viral infections. In man the "owl eye" appearance of inclusions in markedly enlarged cells, as occasionally seen in our lamb, is considered diagnostic for cytomegalovirus [5] .
With consideration given for differences in organs, the renal cytomegaly described by others in sheep is similar to the cytomegalic alteration we describe. Only lung tissue was affected in our lamb and significant pathologic alterations were not in other tissues examined, including multiple sections of kidneys. Cells with inclusions may have been in salivary glands or other tissues not examined.
While the incidence of cytomegalovirus infection is high in man, disease is usually manifest in fetuses, infants and immunosuppressed children and adults [ 141. In these cases the lung is the most common, although seldom the sole, organ involved [8] . The relationship between the cytomegalovirus and M. ovipneumoniae in our lamb is speculative. Debilitation secondary to M. ovipneumoniae infection may have predisposed the lamb to the viral infection.
The cause of illness of lamb 2 was considered to be chronic interstitial pneumonia caused by M. ovipneumoniae with P. aeruginosa an opportunistic secondary invader. Although complicated by P. aeruginosa the histologic appearance of the pulmonary lesions in lamb 2 were consistent with that described for M. ovipneumoniae [3, 211. The conjunctivitis could have been of separate cause from the pneumonia. This condition appeared to be transmitted from the Western ewes to Suffolk ewes and then to the lambs. M . ovipneurnoniae has been isolated from sheep with keratoconjunctivitis [lo] but it was suggested that this organism had no role, primary or secondary, in the pathogenesis of the ocular condition.
